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THE INFLUENCE OF SIMULTANEOUS AND SEQUENTIAL DISPLAY
MODES ON HUMAN INFORMATION TRANSFER BEHAVIOR

INTRODUCTION

There have already been many meaningful approaches to investigate the unanswered
questions in the field of human information input, processing and transfer, Even so, human
factors engineers still confront difficult problems in choosing the best display modality for
presenting information. Computers nowadays become increasingly integrated into modern
technology. Accordingly, human factors research is focussing more and more on the respective
interactions and interfaces of the human operator and the computer. In designing computer
displays, input devices like keyboards become critical links in inputting and transferring
information. Unless display rnodalities are designed with sufficient care, they can degrade the
performance of the whole man-machine system; poorly designed displays can be as inefficient as
an incompatible or disordered keyboard.

Often we overestimate human performance limits and human mental capacity, particularly
when certain levels are required to match the computer’s capabilities. When we do, the whole
system can hardly achieve the reliability that is required. To optimize the man-computer system,
we must assign tasks to the man only when his capacity is superior to the computer’s. We must
avoid requiring the man to perform tasks when his abilities are obviously inferior to the
computer’s, or v.* :n the display modalities are not fitted to the man's limited perceptual
abilities. To achiev - optimal information transfer, any screen or device that displays information
to the human operai.or must meet a very basic requirement: the information must be presented in
a form that can be assimilated by the limited range of man’s physiological and psychologica!
abilities.

In spite of wide-ranging automation, there aie still many situations where automation
cannot replace man as a link in data processing. Sometimes the man must do tasks even though
he does not perform them very efficiently; he remains the weakest link within this chain. One
such task is manually feeding data into a computer system. Data cannot always be entered
automatically. Usually these data are not generated by the operator himself; he must acquire
them from elsewhere, either from displays, or from lists, or from other information sources.
Although the man often has to process these data - decoding them, or selecting particular data
from a complex array - many tasks involve a simple transfer.

The present experiment will study these transfer tasks, investigating input strategies and
transfer behavior. In this case, transfer will mean immediately removing or shifting infermation
from one medium to another, The operator’s task will require reading the data that are presented
and then, without processing them, immediately keying the data into tb. computer. The operator
may have to store the data —hold them in his memory— while he is keying them. This kind of
transfer process usually demands both speed and accuracy, so the criteria for evaluating
performance will be both entry time, on the one hand, and errois, on the other hand. If the
displayed data are ertered very rapidly, the operator’s processing may merely involve transfer.
However, slower responses may verge on times that require short-term memory as well, under
certain conditions.




Ty R

L R )

TP TR AP e A o o

T

G i

TR TN T T e,

i

TR T M TR Ao

R A T i i
i SR AT

The subject’s task will probably require a combination of both memory and pe. zeptual
processes. With full recognition of the very complex nature of perceptual as well as mnemonic

processes, the following discussion attempts to deal with these complex interactions in simplitied
terms, so they can be investigated experimentally.

Following the converitional distinction, we will differentiate two sorts of human memory.
The long-term memory means storing information indefinitely, for protracted periods of time.

But when inforrnation is stored only briefly, for between a fraction of a second and a few
seconds, the process is called short-term memory.

As a matter of fact, memory or storage ability is not the most reliable feature of human
performanc~. The man's storage ability cannot compete successfully with a computer’s. When

men must serve as important storage links in the man-computer system, they will always degrade
the whole system’s reliability.

So if humans must unavoidably be assigned tasks involving long-term or short-term memory,
there should be some provision for helping the operator do what his task requires. This means
that all dispizys should be designed to transmit information as effectively as possible, in the
Jptimum modalities and arrangements, and that the computer’s entry devices should also be
optimized. The entry devices themselves as essential parts of the man-computer system,

obviously demand thoughttul consideration; however, this area is beyond the scope of the
present investigation.

The more carefully information displays are arranged, and the more closely these
arrangements are fitted to human perceptual abilities, the better the whole system’s output will

be. Although this aim may sound cbvious, our understanding of the best ways to arrange and
display information is still far from complete.

As pointed out before, trar:ter processes usually require high speed. This demand highlights
the necessity for an optimal d.~nisy modality, Consequently, the present investigation aims to
determine whether certain part‘culsr ways of displaying information are superior to others.
Evaluaung the different display modes implies measuring subjects’ (Ss’) performance while using
display modes as the independent variable. That, in turn, meens that the Ss’ performance in
different modes should first be analyzed, then quantified and evaluated. These measurements of
output with different display modes should indicate the best way of arranging information on the
display. Regarding the pos..ble strategies Ss might apply, it is fundamental to know how
extensively these simple t-- sfer tasks will involve human short-term memory. How efficiently

information can be transfeired will essentially depend on how long it must be stored between
perception and completing the keying action,

By now we know that, the longer information must be stored—and the more storage is
disturbed by noise or other tasks—the more the output will deteriorate.

The present investigation, then, attempts to determine whether 1t 1s possible to shorten
storage time—and thus to reduce errors--by modifying the display modality.
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THEORETICAL REMARKS

Theories about short-term memory deserve at feast brief review, as background for
uncerstanding the implications that simple transter and short term memory have for disp'ay
modes. The recent literature proposes a variety of ways to irterpret the operatos’s errors. These

interpretations usually make assumptions about the sirategy an individual uses to deal with this
kind of information,

Among others, Brown {1959) and Crossman (1960) report that, when an individual stores
information in the short-term memory, he 1s really storing both items of informaticn and their
order. Yet, as Conrad (1965) points out, item and order information are not absolutely
indepenuent. In presenting his somewhat simplified model, Conrad states that there is a fixed
input order, which is encoded only by the properties of individual 1tems. He concludes that
memory models do not imperatively *‘need a mechanism which could transpose the order of

items in storage”. Conrad points out that, in tasks fully :nvolving the short-term memory,
information 1s retrieved from the store in the same order as it was entered.

Generally, Conrad {1965} concludes that any mistake is somehow caused by a masking or
disturbing process. These interfering processes presumably occur somewhere between the
perception {ie., entering data to the memory) and ‘etrieval trom the memory. In a more
elaborate model, the author assumes a specified number of boxes which represent the serial
positions of the different items 1n a message. According to Conrad, the items enter the boxes in

order of their perception. When the S recalls, he simply picks out the contents of the dirierert
boxes, starting anywhere in the sequence.

The contents of the different boxes are not interchangeable. Conrad indicates that the
probability of correct recall depends on several factors: the number of boxes to be read, the
signal-to-noise ratio within each box, and the discriminability of the items in the store.
Protabilitv of correct recall does not seem to depend on how large the vocabulary i<, or on the
amount of “‘order information” the sequence contawmns. Various studies--such as Conrad and Hull
{1968), Burrows {1972), and Murdock (1968)—have shown that varying display modal.ties, such

as visual versus audible, can have a considerable effect on retrieval. However, this report will
consider only the visual modality.

Some authors evidently explain short term storage n terms of auditory {(or even semantic)
encoding principles. Craik (1968} and Baddeley (1966) attribuie retention errors to acoustical
confounding, much as Conrad (1964) does. These authors propase a theory to relate short-term
and long-term memory. 1t pictures the individual first retrieving information from the short-term
store, which has himited capacity and codes 1tems acoustically. Afterwerds, he checks the relevant
areas of the long-term memory, which has different storage characteristics based partiy on

semantic coding. The short-term memory 1s des.ribed as highly sensitive to acoustical
contusion—particularly when there is buckground nose (Baddeiey, 1968)

background nose (Badideiey, 1968}, and even 1t the
information 1s displayed visually.

Integrating the vanous findings leads to a more detailed, functional theory with input,

storage, and retrieval elements. Modifying Norman's (1966} model shghtly, there are three
distinguishabile steps:

1. Acaquisition describes the itial strength of items in the memory 1t depends heavily

on mode of presentation, exposure time, and rate and amount of information, Coding mode must
also be related to acquisition.
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2. Retention means the rate ot which information in the memory is lost. Deterioration
of the memory trace seems tc depend on activities during the storage period, as we!l as on
environmental noise, and on all of the: events transpiring between presenting the critical item and
recalling it.

3. Retrieval refers to the strategy the subject uses to draw on memory traces and select
a response. Retrieval probably depends on liow much the retrieval cues are overloaded, since they
must be discriminable and mem.orable ot the same time.

All of this discussicii leads inescapably to a single conclusion: the faster an
informaticn-trai.sfer transaction is completed- that 1s, the less time there 1s between displaying a
message to a subject and asking him to reproduce it—the less errors he will make. In terms of
memory, this mezns that lightening a transfer task’'s reliance on memory reduces the
opportunities for malfuncu.oning storage elements to cause errors.

Some preliminary investigations minimized the role of memory by ustng the fastest :esponse
possible: reading numbers from a display, and immediately reciting them aloud.

PILOT STUDIES

A simnle experiment was conducted to evaluate the S's ability to transfer information in a
very simple mode. It attempted to determine the limits of the S's ability by simply having him
read aloud numbers of various lengths, which were displayed on a cathode-ray tube (CRT) for
different exposure t:mes. The numbers displayed had four, six, or eight digits, and they were
displayed for 500 and 1000 milhseconds (msec.), with off-times of five seconds between
numpers. The Ss’ verbal responses were recorded on magnetic tape. The display program was
controlled by a comrputer. Unlike the main experiment to be described later, this pilot study did
rot require any major sensorimotor coordinative task. No delay of any kind was imnosed on the
S’s response; as soon as the S perceived the information from the display, he could begin speaking
it immediately, thus minimizing storage time.

RESULTS OF THE PILOT STUDIES

Absolute Frformance

Errors were used as a rough qualitative criterion. Each time the S failed to read the
displaved number correc*ly, he suoed an error

The first ii+ependent variable exposure time- produced a considerable and highly
significant effect on performance. Regardless of number of digits, Ss made many fewer
errors when the numbers were presented for 1000 msec., than when they were shown for
only 500 msec. (Figure 1).
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The other independent variable—number length—also had an important effect on
performance. All Ss responded correctly when they saw four-digit numbers for 1000 msec.
Even with the 500-mscc. exposure time, they made only very few errors., The interaction
between the two independent variables was more apparent with the six-digit numbers. When
these numbers were shown for 1000 msec., Ss made only 1.5 percent errors. But with the
500-msec. exposure time, they made considerably more errors (8.9%). The difference was
even more pronounced with the eight-digit numbers: 27.3 percent errors for the longer
exposures, nearly tripling to 73.3 percent with the shorter exposure-time.

Relative Performance

To aliow more precise measurement of how well the Ss dealt with these simple
information t:ansfers, the Ss’ responses were then scored on a graduated performance scale,
Instead of scoring each number in an all-or-none fashion, each digit was scored separately.
This procedure gave each S's total number of correct digits, which was then converted to a
percentage (Figure 2), and called relative performance. These data show that the Ss
achieved a relatively high level of correct responses for the four-digit and six-digit numbers
w'th long exposures, and for the four-digit numbers with the 500-msec. exposure.

Because relative scoring allows partial credit for numbers that absolute scoring would
call completely incorrect, relative scores are usually higher than absclute scores. For
example, with eight-digit numbers and the short exposure time, Ss averaged only 26.8
percent absolutely correct, but 77.5 percent rel tively correct. The same sort of difference
appears with the long exposure time. Larger differences between relative and absolute
percentage: are mostly {but not entirely) due to incomplete answers,

CONCLUSIONS OF THE PILOT STUDY

Because differences between relative and absolute percentages (Table 1) seem to reflect
umitted digits, abrupt increases in these differences suggest a discontinuity where difficulty
increases suddenly. Under the comparatively simple modes of these test conditinns, there seems
tc be a threshold in number lengths, below which Ss tend to respond correctly, but beyond
which they make relatively many errors. The data from the pilot study seem to indicate that this
threshold level averages about six igits when Ss read numbers from a display and recite them
immediately, with minimal reliance on sicrage in memory.

There is likewise a strong indication that 1000 msec. of exposure is sufficient to transfer
that much information. Both four-digit and six-digit numbers are repeated 2lmost 100 percent
correctly with the 1000-msec. exposure time. The shorter exposure time dnres degrade accuracy,
however; at 500-msec. cxposuie, responses to the six-digit numbers were only 91.1 percent
correct. It seems even clearer that 500 msec. is too short an exposure to transfer an eight--digit
number correctly. On the average, only about six of the eight numbers—77.5 percent—were
spoken correctly. Doubling the exposure time to 1000 msec. seemingly allowed Ss to transfer an
average of one more digit correctly (85.9 percent of the eight digits}.
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An analysis of types »f errors generally confirms the 3’ difficulty in reciting numbers longer
than six digits. Most of the errors were termed ““cuts”—omitting one or more digits, typically the
last four. These errors may indicate the S’s strategy was to be as correct as possible in repeating as
much of the number as he could. Thus Ss may have simply ignored digits they knew they could
not deal with or store. The next mos: frequent category of errors wes “subs,” in which Ss
substituted an incorrect digit for the right ane, Other errors included inversions (“'inv’) which
changed the sequence of two or mare digits; skips (“’skp”) that omitted a digit within the
number; and combinations of errors, or multiple errors. Ali of these latter errors—substitutions,

inversions, skips, and multiple errors—probably indicate that the Ss tried to cope with the task
without following any particular strategy.

Ore of the pilot study’s most interesting resuits, however, concerned changes in the way Ss
recited numbers. The Ss used very individual ways of grouping digits when reading numbers,
Some Ss always read digits singly. Others came to speak in groups of two, or alternated between
giving digits singly and in groups of two. However, none of the Ss recited digits in groups of
three. One particular effect seemed meaningfully related to stress. Whenever the test situation
became more stressful—because of longer numbers, or shortet exposure time, or especially with

the combination of both—the Ss seemed to shift over to reciting numbers singly. This effect
provided one basis for the iain investigation’s hypothesis.

TABLE 1

Absolute and Relative Performance Measures for
Reciting Task in Pilot Study

500 msec. 1000 msec.

Measure 4-digit  6-digit  8-digit 4.digit  6-digit  B-digit
Absolute:

Numbers

Completely 99.5% 91.1% 26.8% 100.0%  98.5% 72.7%
Correct
Relative:

Digits o/ 0 9 0, 0,
Correct 99.0% 96.5% 77.5% 100.0% 99.0% 85.9%
Difference 0.5% 5.4% 50.7% 0.0% 0.5% 13.2%
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MAIN EXPERIMENT

The pilot study had investigated the fastest sort of response that could he made in a simple
transfer task. The main experimer.t then proyressed to studying a more realistic response: having
Ss enter the dispiayed information into a kevboard. It attempted to answer the question of
whether transfer is affected when a manual keying response prolongs transfer/storage times.

It tas been indicated previously that this experiment simulates real tasks where human
operators have to read information from a list or a CRT, and enter it into keyboards.
Consequertly, the main experiment evaluated whether different display modes affect transfer,
and, if so, which dispiay mode fosters the best transfer behavior.

This test aims to improve the corditions for human transfer performance, by finding how
three display variable: timit human information processing.

DISPLAY MODE

in terms of input variables, transfer behavior depends heavily on basic physical factors such
as brightness level, contrast, character shape, and size. On the othe. hand, factors like expusure
duration, grouping of information, and density of information- tc mention only a few—affect the
individual’s psvchological abil'ty to cope. Basically it is true that information displays must be
consistent with human sensory abilities, both physiologicaily and psychologically, before they
can be processed further.

One way to improve transfer and storage performance is, presumably, “preparing”’ the
information for entry into the memory. Information should be nresented in directly usable form,
minimizing requirements for Ss to decode it before entering it into the memory.

The pilot study had established that, under difficult conditions, such as time stress in
number-telling tasks, Ss typicaily shifted to speaking numbers singly. Under less-trying
conditions, the Ss usually gave more wwo-digit groups. For example, a low-stress S giving an
eight-digit number might read a two-digit group, a singie digit, two more two-digit groups, and a
final single digit.

From observing these behaviors, it appears that the way digits are grouped, or “chunked,”
has important eféects on transferring them, However, it 1s not yet clear which grouping would be
the most effective. It seems reasonable to speculate that Ss would transfer information more
efficier.dy if the displayed numbers could be grouped as Ss would group thern when reciting
them, Thus, preprocessing the digits by grouping them—whether temporally, or by spacing, or
even by punctuating might well simplify the transfor, relicving the S of unnecessary work, and
thus improving his output. But while enforcing a particular sort of grouping should enhance
performance if digits were grouped properly, it is also quite possible that unfortunate groupings
could degrade performance. On the other har.J, 1t seems noteworthy that stressed Ss tended to
abandon grouping entirely, retreating to handling each digit individuaily. This finding may
indicate that single digits constitute the simplest or most primitive grouping. Clearly, too little 1s
known about the effects of grouping, and the first step in understanding it is demonstrating
whether or not grouping affects transfer significantly.
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To assess the effect of grouping 1n its most elementary form, the main experiment compared
only two modes--one which imposed a form of grouping on the Ss, and another which did not.
The first mode displayed test numbers one digit at a time, in sequence; it is called the sequential

mode The other mode, termed the simultaneous mode, followed the more-usual practice of
showing all tne digits at once.

NUMBER LENGTH

The literature provides a wide vanety of data about human ability to handle information.
Various results show that the upper limit of short-term storaae capacity 1s approximately eight
d:gits. Eighu cigits have therefore heen established as the greatest number length to be displayed.

To find out how transfer depends on the amount of information to be transferred, Ss were also
ashed to transfer six-digit numbers and four-digit numbers,
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EXPOSURE TIME

In the traditional sense, perforrance must always be defined in terims of the times invoived.
The nain experiment varied esposure times, to estimate how much time Ss need to store

information for processing. It used th ee uxposure times— 100, 500, arid 1000 msec.--to assess the
shortest time needed to store defined amounts of information.

To equate input conditions for the simultaneous and seanential modes, both modes must
present the same density of information: that is, the same exposure time per digit. The amount
of inforrnation displayed per unit time must be the same for both modes. Thus, presenting one
digit for a very short time is equivaient to displaying more digits for a longer time. For instance,

showing four digits for 100 msec. represents the same information density as displaying a single
digit for 25 msec.

sl Pl 1 L5012

PERFORMANCE CRITERIA

uls

It is always difficult to measure and evaluate human mental performance. Since purely
physical measures are not applicable, the experimenter must develop a more-or-less arbitrary
approximdtion which takes both guantity and quality into account. As in the pilot study, the
main experiment used both absolute and relative criteria. The absolute measure reflected, once
again, how many numbers were entered completely correctly. The relative measure, expressed as
the percentage of all displayed digits thar were keyed correctly, compared the S's performance

with perfect transfer. Effectiveness of transfer can then be evaluated by correlating these
nercentages with the respective exposure times
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VISUAL RESPONSE TIME

i o il e

Partitioning the various components of total response tme should reveal clues to the
strategies that Ss use to tackle transfer tasks. Visual response time would appear to be one of the
most important mrasures; it indicates the time required for all mental coordination that prepares
the message for inp. * to the transfer process, including perception. The visual response time was
approximated by mzi :uring the time between when a number 1s first dispiayed and when the &
makes his first keying response. These visual response times were later used to explore the
strategies Ss used under the different test conditions.

jout! a1

: MANUAL RESPONSE TiME

This term, used in a special sensc, estimates the time Ss needed only to enter numbers in the
keyboard. Manual response time is the time between keying the first digit and pressing the
“Ready’’ key to end the trial. Thus these manual response times measured how long Ss took to
enter the second through final digits. If 2 S had forgotten to press the “Ready” key after
completing his entry, the computer program would have ended the triai i5 seconds after the
display first appeared; in fact, the experimenter's observations showed that Ss always finished
their responses and pressed the “‘Ready” key before this time hmit expired. These manual
response times, as a meaningful fraction of the total response times, afforded an additional
opportunity to relate experimental conditions to transfer behavior.

Rt

METHOD

Subjects

M iy il g I
e 1 L0 1 6 00 g 0o 0 0 o ) QAL ot s 2B St ko A

The 22 Ss (4 female, 18 males) were technical and clenical employees of the U. S. Army
Human Engineering Laboratory. Their ages ranged between 20 and 45.

Apparatus

The equipment used in the test 1s pictured in Figure 3. It includes two IDIOM display
consoles, incorporating cathode ray display tubes driven by a Vanan 620. {- 100 general-purpose
parallel operation digital computer with 3K of memory space. The test facility’s data input
equipment included a card reader and two magnetic tape units, A teletype was used to insert
some input commands, 2nd 2 Statos 31 printer plotter supplemented the telewyne for recording

output data.

The Ss’ console enclosnd a high-speed Dualflec display using a 2i-inch by 15inch
rectangular cathode-ray tube (CRT) featuring a bonded, etched faceplste to reduce reflections,
and a neutral-density filter to enhance contrast. Its control circuits dliowed a 14-mucr ,sezond
random positioning time, as weil as small angle positioning within three microseconds. The

high-speed Curviline character generator was capable of writing 86 different characte:, at
10-microseconds per character.

13
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Fig. 3. Test equipment.
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3

The characters presented in the present experiment measured 5/16-inch wide by 3/8 inch
high. The sty'e of numerals available on the CRTs was constructed from lines which form a
matrix pattern (seven segments and nine strokes). These numbers (Figure 4} were easily
distinguishable from each othe:, once the corners of the matrix pattern were rounded to enhance
the numeral’s appearance. A series of measurements compared the luminances of the displayed
numerals and adjacent blank spaces an the CRT screen. The contrast ratio was calcuiated as the
difference between character and background luminances, divided by character luminance, or

0.133. These measurements thus showed that character luminance averaged 7.5 times the
background luminance.

For responses, a special keyboird was interfaced with the IDIIOM’s keyboard register,
Pressing one of the keys generated an it errupt and transmitted it to the computer, togetherwith
the number of the key pressed. This keyboard, closely resemibling the femiliar Touch-Tore
telephone keyboard, was mounted in a ctand measuring eight §

nobae enidn
2, ) H

inches wide and ton inches deep,
sloping down toward the front at a 10° angle (Figure 5). The distance between key centers was
.75 inch, To the left of the button assembly there was a rectangular-shaped “'ready’’ key.

The ambient illumination was restricted to approximately 15 foot candles.
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Fig. 5. Subject’s response keyboard in angled stand.
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The experimenter’s console (Figure 6) showed both the number that was displayed to the S
and his responses. A functional keyboard enabled the exparimenter to control the program. By
observing this display and a TV picture of the S's behavior, the experimenter monitored the S’s
behavior constantly.

L NP AP N A N A
(AR A A N N -
WA ARK A

[P NP - N NP N |

Fig. 6. Experimenter’s console, displaying
stimulus number and subject’s response.

As pictured (Figure 3), the Ss sat in front of a CRT console and its Touch-Tone keyboard.
When a number was shown on the CRT, the S entered it into the keyboard. The numbers, varying
in length, appeared on the screen either simultaneously or sequentially for the predetermined
amount of time. The simultaneous mode (SIM) displayed all of the digits comprising the number
at once; the complete number appeared on the screen for the entire exposure time. In the
sequential mode {(SEQ), however, the number’s digits appeared singly, one after the other; when a
new digit appeared, the old one disappaared. Each digit nevertheless took the same pnsition i1t
would have had if all digits were shown at the same time. In either mode, the digits appeared in a
rectangular frame measuring 1 5-inches by 2-inches. Regardless of length, the numbers were
justified to the right margin of the frarae.
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Besides varying the display mode (SIM vs. SEQJ, the main experiment treated two other
independent variables: exposure time, and number length. There were three number
lengths—four, six, and eight digits—=with each number comprising random digits and no digit
occurring more than once in a number. And there were thrr> exposure umes: 160, 500, and 1000
2 msec. Each possible combination of these variables occurred ten times, but with different
numbers. In all, then, there were 2 x 3 x 3 x 10, or 180 trials.

Each of the 22 Ss was tested on these 180 trials. The set of test numbers, embodying ail
1 three lengths of numbers, were prepared in advance, arranged i random order, and stored in the

computer’'s memory. The combinations of test variables were presented to each S in the same
order.
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For each trial, the computer stored the number which had been displayed, the S's keyboard
entry, his response times, and any errors he made. Upon finishing his response, the § immediately
pressed a ""Ready”” key wiich blanked the display for 1.5 seconds and then called up the next
nuriber to be displayed. However, if the S had not begun keying within five seconds, or if his
response had not been completed after 15 seconds, the comguter program would automaticaily
have advanced to present the next nuinber 1 1 the series. The program aiso included an automatic

B AR A Rl .

stop after each 60 trials, to give the S a short L reak.
E Each S was given 10-15 trials for tramning and practice before the test proper began. The Ss 'j
i were instructed to respond as quickly as they couid, to ignore any errors they might realize they
3 had made, ard to press the ’"Ready” button as soon as they had finished keying.
i RESULTS ;

The Ss’ performance has been evaluated roughly by simply totalling their errors under the I
different test conditions. Here, an error was scored unless the complete keyed number was :
identical to the stimulus number presented; any discrepancy made the entire response incorrect.

With these error scores as performance criteria, the results show statistically significant

superiority for the combination of short numbers and long exposure time, as opposed to long
numbers and short exposure times.

In addition, the simultaneous mode allowed far better performance under the different ;
conditions than the sequential mode did. This finding held true for all exposure times and

number lengths. From examining the errors made within each condition, some interactions
between the variables also became evident {Figure 7).

COther criteria, however, reiiect a more getalled picture of the Ss’ performance. A more i
sensitive index of their information-transfer behavior 1s the relative criterion—number of digits
keyed ccrrectly. By absolute right-or-wrong standards, a S who viewed eight digits but entered
only six of them correctly scored ane error. However, the .abel “error” here does ot allow us to
distinguishan S who entered six digits correctly from one who faled to enter any digit correctly.
To provide finer graduations of measurement, we may again express the number of digits keyed
correctly as a percentage of the total number of digits displayed, then the S who entered six i
digits correctly scored 75 percent, while the S who did not enter gnv correctly scored 0 percent, :

These relative performance indices (Figure 8) permit quantitative, rather than purely qualitative,
evaluation of the S's work output.
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In terms of relative criteria, or percentage of digits correct, Ss perforined best with four-digit
numbers, shown for 500 msec. in the simultaneous mode; they keyed 94.4 percent of the digits
correctly. When four-digit numbers were shown tor twice as long ( 1000 rasec.), the Ss transferred
them nearly as effectively—with 93.9 percent accuracy. The difference between pertormance
with 500-msec. and 1000-msec. exposure times is not significant at the .05 level. Under these
conditions, apparently, 500-msec. is a long-enough exsosure to transfer most four-digit numbers;
lengthening the exposure does not improve transfer.

In the sequentiai mode, when displaying four-digit numbers for 1000 msec.—that is,
displaying each digit, in order, for 250 msec.—Ss do almost as well, reproducing as many as 88.7
percent of the digits correctly. Because the percentage of digits correct is somewhat lower than
for either of the simultaneous cases above, it would appear that sequential presentation requires
sightly longer {perhaps 300 msec.) exposures to transfer information equally well.

In summary, these results indicate that short numbers {four dinits) and long exposure times
500 and 1000 msec.) minimize transfer errors,

When the amount of information to be transferred was increased, transfer detericrated
~oruptlv and markedly; with six-digit numbers, shown simultaneously for 1000 msec., keyed
digits were only 76.5 percent correct, This level of performance was comparable to that achieved
wher. transferring four digits shown simultaneously for only 100 msec. (74.2 percent), or when
traasferring four digits shown sequentially for 500 msec. (74.4 nercent). These combinations of
<onditions seem to ba'ance out the effects of exposure times, display modes, and number lengths
so we can speculate about their interrelationships, With a four-digit number, shown
simultaneously for 100 msec. as the standard, lengthening the number to six diyits requires much
longer exposure for equally effective transfer; displaying half-again as much information calls for
ten times as much exposure. On the other hand, showing the number sequentially, insteau of
simultaneously, takes five times the exposure for the same transfer effectiveness. Obviously, both

number length and display mode have important effects on this performance, and these effects
are seen consistently throughout the data.

With the same exposure time - 100 msec.—Ss performed about as well with six digits shown
simultaneously (48.0 percent) as with four digits shown sequentially (43.3 percent). Similarly,
with 500-msec. exposures, Ss transferred eight-digit numbers shown simultaneously (48.7
percent) approximately as accurately at six-digit numbers shown sequentially (44.5 percent). Or,
at the 1000-msec. exposure time, Ss transferred eight-digit numbers shown simultaneously (53.2
percent) almost as correctly as six-digit numbers shown secuentially (58.4 percent). Presenting

digits sequentially, rather than simultaneously, seems to cost a penalty equivalent to transferring
two extra digits,

As it turned out, Ss were unable to transfer numbers effectively when more than six digits
(i.e., eight} were presented in the sequential mode. This generalization proved true even for the
1ongest expposure time used in the present expenment,’ with eighi-digii numbers, ihe Ss were abie
to key only about 25 to 30 percent of the digits dicplayed. This accuracy is very similar to that
achieved with four digits displayed simultaneously for 100 msec. (29.4 percent). Hence the
decreased accuracy with longer numbers seems attributable to too-short exposures,

1As a matter of fact, exposing eight digits sequentially during 1000 msec. means showing each
individual digit for only 125 msec.

ET o

ofid

m

o
%E
E
k]
]
c%
2
=
3

3

i

oo hab b 1 b L ol

5
3
4
El
=
=
=

2
E
E
El
E]
3
El
3
3
3
E]
3
3
3
%
3

a0 T e LTI S 1,

A el P 1 9t s

s

gty




Differences in number length are clearly related to differences in performance under all of
the test conditions except ore. The Ss reached their poorest transfer accuracy when numbers
were displayed sequentially for only 100 msec. While there were still important differences, the
generally lower performance level tended to mask them. An analysis of variance has been
calculated for the relative performance data (Table 2). Although there was considerable variation
within individuals, which is not unexpected for this kind of task, there werc also highlv
significant differences attributable to the independent variables.

TABLE 2

Analysis of Variance: Relative Performance

Sum of Meen

Sou.ce Squares df Square F )
Between Mades 31,249.8 1 31,245.8 160.5**
Between Nu:mnber Lengths 119,808.7 2 5G.904.4 308.67
Between Exposure Times 39,847.2 2 19,923.6 .N2.6*°
Mcdes X Number Lengths 84.8 2 42.4
Modes X Exposure Times 1,726.5 2 863.2 4.4
Number Lengths X

Exposure Times 4,030.9 4 1,007.7 51
Modes X Number Lengths X

Exposure Times 6,187.6 4 1,546.7 7.9
Within 73,393. 378 194.1
Total 276,3_28.8 39%

* *Significant at .01 leval.
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The two disp'dy modes proved to have more pervasive effects (Table 3) than dio the
differing exposure times. The coefficients of determination for these independent variables are
Mmod = -37, amd ng, o = .33. The analysis of variance also revealed a significant two-way
interaction betwein the display-mode and exposure-time main variables, as well as a significant
higher-order inter.ction among all three independent variables. The interaction between modes
and number length: was not statistically significant, although it suggests a clear-cut trend.

TABLE 3

Relative Performance for Keying Task: Differences
Between Simultaneous and Sequential Modes

Number of Digits

Exposure Tirne 4 6 8

1000-msec. 5.2% 18.1% 21.4%
500-msec. 20.0% 28.8% 23.0%
100-msec. 30.8% 8.3% 5.0%

Absolute Versus Relative Performance
Table 4 compares the absolute and relative performance criteria.

Differences between the two performance modes seem to show how the independent
variables affect transfer performance. Small differences between the absclute and relative
percen*ages indicate very effective transfer. For example, small differences are typical of the
relatively ‘“‘easy’’ and undemanding conditions, such as showing short numbers for long exposures
in the simultaneous mode. In these cases, most of the numbers displayed were keyed completeiv
correctly, and a high percentage of the digits were keyed correct’y in all cases.

Larger differences between absolute and relative criteria may still represent effective
performance, but they reveal overloading; the operator was unable 10 pracess the aino..it of
informatic .+ presented. While he may have entered the majority of digits correctly, he also made
mistakes, .here appears to be a threshold amount of information which can be transferred
without app-eciable error; as the information load increases beyond this threshoid, reiative-error
percentages in..rease somewhat, and absolute-error percentages increase even more.
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Substanitial differences between absolute and relative percentage criteria occurred primarily
with the longer numbers, longer exposure times, and simultaneous display. Similar, though
smaller, differences appeared =ven when six-digit numbers were displayed for 100 msec.
simultaneously, or for any exposure time seguentially, When six-digit numbers were shown
simultaneously for 500 msec., the Ss gave 72.5 percent correct digits, but only 40 percent of the
complete numbers were entirely correct. This finding would seem to show that the overload
threshold lies at about four digits for 500-msec. and 1000-msec. exposure times. In support of
this cenclusion, data for the longest simultaneous exposure times demonstrate that longer
numbers were totally correct only 8 percent of the time in one case, and never correct at ali in

other cases. Yet under these same conditions, respectively, 53.2 percent and 48.7 percent of the
individual digits were correct.

A similar trend appeared when six-digit numbers were displav~d cequentially, With long
exposures, Ss entered numbers totally correctly on! r about half of the time—and far less often

when the exposure was shorter, Under these conditions the limit of transfer capacity seems o be
somewhere between three and four digits.

In terms of all these findings, it is not surprising that differences between elative and
absolute scores ara greatest when six digits are displayed sequentially, regardiess of exposure
times {Conditions 8, 10, and 12). The Ss were simplv unable to enter all six digits correctly;
conseguently the percentages of completely correct responses were very low. Nevertheless, the Ss
were able to enter some three or four of the displayed digits, so their relative percentages were
higher.

So far as response strategy is concerned, when an eight-digit number was displayed
simultaneously, the S¢ seemed tc concentrate their attention on its first four digits—thus
effectively doubling the exposure times for these digits. Rather than attempting to read eight
digits in 100 msec., they used this same time to read only four of tne digits, either singly or in

groups--and possibly devoted some part of the exposure time to rehearsing the numbers they had
read.

This strategy could not be used with the sequential mode. If a six-digit number was shown
for 100 msec., the Ss had just 16.7 msec. to read each digit. Even when the six-digit numbers
were shown for 50C msec., Ss had only 83.3 msec. to read each digit before it vanished
inexcrably. These very short expasure times may explain why Ss did about as well when locking

at six digits sequentially, as with the seemingly more demanding task of reading eight digits
shown simultaneously,

On the other hand, the eight-c.git numbers shown simultaneously may have proved so
difficuit because, even though Ss probably concentrated mostly on the first three or four digits,
they were unable to cope with the remaining digits and tended to be confused by them.

As compared to both of these two conditions—six digits sequentially, and eight digits
simultaneously—~Ss performed significantly better with six digits aisplayed sirmuitaneouslv. This
result would necessarily follow if Ss concentrated their attention on the four initial digits,
because there would be fewer remaining, unprocessable digits to contuse them; it would become
easier to locate the digits which would actuelly be transferred. Simplv put, the Ss evidently found
it easier to ignore two digits out of six than to mentally discard four digits out of eight. The real
advantage of narrowing or focussing attention in this way is probably that it allows the S to
double (or at least increase) each digit's effective exposure time. By restricting himself to the
number >f digits he has learned he can manage correctly, the S transfers information mare
effectivery.
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Rabbit (1968) has suggested another explanation of why longer numbers become so
difficult to transfer. The secret of transferring numbers correctly, according to Rabbit, is that Ss
must learn to shift their attention between analyzing new information and rehearsing the digits
that have already been stored. While highly practiced Ss can and do learn to perform these
attention shifts, it appears unlikely that the Ss used here had achieved equal mastery of this skill.
When the task was difficuit and demanding, as when transferring eight-digit numbers, attempts to
perceive new infarmation probably interfered with rehearsing the stored digits that had already
been perceived. With both six- and eight-digit numbers shown simuitaneously, the group of Ss
gave comparatively large standard deviations, These seem to arise from sizable differences

between individuals, probably rooted in the use of different strategies and especially in varying
mastery of the attention shifts required.

Visual Response Times

We bhave already distinguished a component of the total keying time that is celled visua!
response time, or “‘preparation time.” It is the interval between when the display is first shown

and when the S makes his first keying response. These visual response times {VRT), given in
Table 5 shows three particularly important consequences:

1. Longer numbers give longer VRTs.
2. Longer exposure times also give longer VRTs.
3. VRTs for simulteneous and sequential modes do not difier significantly.

The visual response times were examined in an analysis of variance using log-transformed
data (Table 6). In substance, it gave statistical verification of the three conseque nces mentioned
above. It was demonstrated that visual response times for the two modes did not differ
significantly. Both longei numbers and longer exposure times increased visual response times
signiticantly (.01 level}, but the effect of longer exposures was somewhat more nronounced.

Only one interaction—between modes and number lengths—reached significance at the .95

level. However, there also appeared to be some interaction between modes and exposure times,
although it was not statistically significant.

These visual response data (Figure 9) show that sequential presentation does not facilitate
information transfer, 1f presenting the digits singly had actually made it easicr to transfer
numbers, the sequential mode should have given faster visual response times. While visual

response times were somewhat faster with sequential presentation, the modes had no statistically
significant effect on visual response times.

Various data also indicate that mental processing intervened hetween displaying a number to
the S and his keying it. Both the data and the experimenter’s observations during the test support
the hypothesis that Ss encode stimuli acoustically even during simple transfer tasks. Most of the
Ss repeated the displayed numbers aloud before (or while) entering them in the keyboard.

With longer exposure times, Ss evidently spend more time in rehearsing or otherwise
preparing the messages. Thus they appeared to take advantage of the higher redundancy made
possible by longer exposures. When Ss took more “preparation” time before starting to key long
numbers, it may have been because they needed longer to select cad perceive the first three or

four digits. This additional information processing would legically require at ieast slightly more
visual response time.
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TABLE S

Visual Response Times (Msec.) for Keying Task

— . Simultaneous _____ . — Seqyential o
Exposure Time 4.digit  6-digit  8-digit 4.digit 6-digit 8-digit
1000-msec. 1920 2630 2770 2410 2600 2590
500-msec. 1950 2220 2440 2210 2270 2330
100-msec. 1880 2230 2270 2030 2090 2170
TABLE G
Analysis of Variance: Visual Response Times
T Sum of Mean
'§_ou_rf_e____. o L E(Ltf_ms dif Sauare F )
Between Modes 0.01 1 0.01 0.16
Between Number Lengths 1.40 2 0.70 11.66"°
Between Exposure Times 1.68 2 0.84 14.00° "
Modes X Number Lengths 0.49 2 0.25 4.16°
Modes X Exposure Times 0.23 2 0.12 2.00
Number Lengths X
Exposure Times 0.41 4 0.10 1.66
Modes X Number Lengths
X Exoosure Times 0.18 4 0.05 0.83
Within 23.50 378 0.06
Total L o _ ?_7.90 L 5_1_92~

*Significant at the .05 level.
* *Significant a2t the .01 level.
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only with the sequential mode. Therefore it probably accounts for the significant interaction
between modes and number lengths.

It seems noteworthy that visual response times were slightly longer for four digits than for fi
six digits, even though both numbers were displayed sequentially. One possible interpretation is
that Ss may have felt four-digit numbers were still within their capability to transfer, but that
] six-digit numbers were too long; if so, the Ss may have devoted more conscientious effort to the
four digit numbers, slighting the six-digit numbers as an unreasonable overload. This occurred 4

U o b A |

Manual Response Time

MR i R P B A

Another component of total response time is the manual response time, which means the
ttme between when the S keys his first digit and when he finishes entering the number. These
manual response tirnes, or overall keying times, are presented in Table 7 and Figure 10, They

appear generaily consistent wvith the other results considered thus far. Three major conclusions
seem indicatecu"

HAC R

1. Manual response times are longer with simultaneous presentation than with
s quential presentation,

2. Longs numbers give ionger manual response times.

3. Longer exposure times also give longer manua! response times.

st 0 A0 L0 W2 B ) 0 1l AP ot ot A T
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TABLE 7

Manua! Resnonse Times (Msec.) for Keying Task 2

dutla

L i ik

'

. . _Simultaneous e Sequential . g
- _Exposure Time 4.digit  6-digit  8-digit 4-digit 6-digit _ §_~d|git ;
7 1000-msec. 1880 2840 3250 1960 2490 2520
500-msec. 1700 2610 2490 1880 2130 1950
100-msec. 1910 2090 2270 1710 2070 2190
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B In an analysis of variance using log-transformed data (Table 8}, all three of these differences
5 proved significant at the .01 level. Number lengths produced the largest effect on manual 3
4 response times, modes were of less importance, and exposure times were still less important. :
3 Unlike the previous analysis of variance, none of the interactions reached statistical significance. §
TABLE 8 i
] Analysis of Variance: Manual Response Times 3
(Log-Transformed Data) b
Sum of Mean 3
1 Source Squares df Squire F g
Between Modes 167 1 1.67 12.84** :
Retween Number Lengths 4.19 2 2.09 16.07°*
Between Exposure Times 2.79 2 1.39 10.69°*
3 Modes X Nuraber Lengths 0.29 2 0.14 1.07 3
3 Modes X Exposure Times 0.12 2 0.06 0.46
1 j
Number Lengths X L
3 Exposure Times 0.83 4 0.21 1.61
: Modes X Number Lerigths 3
X Exposure Times 0.59 4 0.14 1.07 ’
Within 50.96 378 0.13 ;
Total 61.44 395

* *Significant at the .01 level. ij
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Contrary to these general relationships, manual response tmes for four digit numbers were
shorter in the sequential wmode. This effect s evidently an artifact caused by ncoinnlete
responses—that is, fewer keys to press when four digits were shown secauentially. This effect
appears characteristic of test conditions which overloaded the Ss and degraded their transfer
- performance. Under conditions where the Ss performed relativelv well  for example, four digits

exposed for 500 or 1000 msec.—manual response times were longer (not shorter) for the
sequs ~tial mode. Thus, manual response times support the earhier onservation that simultaneous
presen.ation gives superior transfer to sequentiai presentation,
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There is a close, obvious relationshipy between manual response time and relative
performance, An absolute measure like keying time necessarly increases when more responses
must be keyed: if longer exposure tmes allow Ss to transfer more digits, they consecuently
prolong manual response times.
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Error Categories

e Y

The Ss’ keying ertors were analyzed to determine the types of envors they made. Based on

carlier investigations of number transfer (Conrad, 1965, Murray, 1965), there appear to be six
main kinds of errors:

AN v

'
3

1. A cutting error {CUT) means the S Leyed in the correct digits in the correct order, «is
far as he went, but omitted the final digit(s)

2. The inversion type error (INV) includes all those cirers where the order of two o
more digits was changed (inverted).

3. The skip error (SKP) refers to errors where the S omittec nne =r mare digits f the
number (except the last one).

PR T

4, A substitution error {SUB) is scored when ar Shas substituted on incer-ect digitls)

for the digit(s) actually displayed that is, when he keys any other diget than the one which was
shown.

PRI

M

aanf

5. Adding errors (ADD) refer to - 1ding nne cr more digits to a number,

0 Lt i

6. Multiple errors (MPL)} were scored when the S gave any combimctinr ¢ the five
types of error described above.

e

All of the Ss’ errors have been cnalvzed, tabulated, and totalled by categories, as showe in
Table 9, Figures 11,12, and 13.

o

By far the greatest number of errors nccurred in the CUT category. Thus tvpe of erion
increases in proportion to the relative performance criteria. Such o findirg s consistent with
theory that, as test conditions become more difficult, the Ss concentrate therr attervaon on the

amount ot information they can deal with, thus committing cutting err «rs by omicung hingd
digits.

The multiple-type error (MPL} occurs mosifv when longer numbers ore exposed for
extremely short times, as when ewght digits are exposed simultaneously for 100 msec It s
particularly characteristic of the sequential mode when longet numbers were presented for any of
the exposure tirnes tested.

e ik i Sk B e 2 = S e




T T T A e LU0 PR TR TS W 434 2 AR H E L A L LT P

|
|
, |
oLe l S 9 1 LIE €61 £ 8¢ IS 8l 98¢ 0L L LY 1272808 2" T4 1\ A
“
|

L1S € 14 € 6 00L (62 (R TA TN AR °1 4 6¢S 96 Al S8 v9  0OC cot [e10}
Jm_ 86 O o O 0 2zl O 8 8 v €L (¥ € € 8 6 29 "oeswoOL
MJ“. Ll 0 v 14 0 1oL L l It ot ¢ 86 14} S 0c ot v 1217 /W09
f 101 l l gt 1 volL Sb < 6 XA A G8 6 € 14 9 { €l 3sW-0001 N
i T jennuanbag ToTTTTTTTT/—
Loz 4 oc L1 8 £8€ t01 8 vc vz Ot €ve 9c 9 8¢ 0o¢c 9 9g v
96 4 S ] c L0l LS € S S £ 6cl (074 14 6¢ 8 4 ce asw0L
1514 0 S 9 14 66l €2 4 it 11 ol 9 v 0 9 v 4 c 29sW-00G
£9 0 oL 9 v TAN S, 74 £ 8 8 Ll 8¢ 4 Z € 8 4 c 28sW-000 L
TdW dAQv 80S dXS ANL 1ND 1dW aav 8NS d3S ANI LND  1TdW dav 9nsS dXS ANl 1LND awn g
11bIp-g A 1 7] o X « A 1] 1 o I 7 o= amnsodx3
STDaUETNUNG —

Saw | 2INsodx 3 pUE 'S4uoUd] Jaquing ‘Sapoy Apirisiq Ag ‘$10113 J0 sadA§ O SISA|lRuyy

6 379Vl

g bl gL LOILI Tt ot bl e B s 1T O e M P
Ly L oy Dl

bt e it ! s

s st b s g




B . . » o o T T e E T T EEEEE T TR T
* = "
- = & y
"

n
) o
v 3
o 3
w E
..J 5
17 - y — a > E
U XX X KA ] R % X X % a F S
q —_ - E
. 32
74 = 2
L‘% vv X 'g 5
n vV x X o
U4 y [/ v :
LEDAY LAY A Y DAY AT LR © g
o £ 1
© 0 :
[xX % X x X x X x X 5 X x Xy X xXyX 3 c 3
= Y] E
7] o - E
o EJ < - 4
W > o g i
z e
< a £ H
Lad bttty 10,0, 0 2yt T P
+ 4 -2 é
o
7 7T 7 - 3
L™ e/ e 2 % /% X % % /% X zZ g i
a = H
P w [y g
200, s o > = 3
vV -— 2 ’:_ ® k3
r - F b5 :
o - = 3
77 IAY 7 m v 2
CLL LT LTS AN TTI N PA M e X 3 2 &
o i
[8) > jd
el a [ ° ) y
XX x X Xx X XyXx | ©| @ [ °°l &
=z 1) 3
o brd E
2 £
+ o i
[P0 LT 00,0000, 0,000,000, 0,0 1,2, — 3
- 1
) ;
-~
3
7 T wn 3
[ % X % K% wX X = ;
- :
°d°°°° ‘Q-’ %
v/ vIAY Y ~— i
& 7 ©
v 4
LA AL R BN A 0, o ©
— L & p
© i
° 7 -
< H o E
c
o
= .
©
Q
— H
= d
b 3
©
LS SR S ] 1 1 17 1T 7 i 7 [} 1 § 1 T7 1 | L Vol 1 T ¥ LS L % O g
o) o o o H
22882388 ¢°88¢g8 8o E
SIVINL Ol H3d SHOYNI 30 YIGWAN D ” :
0
- — 4
w.

33




R R P L e

NI ¢ o T T T o~y e
PP S T R Rl i MR Fal 0

TR PR IR R, AT, T T TACTT R g TR G YT ST

i

‘sapows Aejdsip pue syjdusa) i1aquinu AQ ‘awij 3unsodxa "23aSW-QQG 410) S1003 JO SadA} Jo uotjedyisse|d ‘21 "4

3diLnn [Xx] ontaav [Yy] wotiniissans (o)

diNs @ NOISH3ANI +H ONILLND _MM 03s @ Wis D

3NIL dX3 23S W 00S

'$190 8 _ 'S190 9 $190 b
: : - ‘ = o
NS » IV 3P~ NIANERES % A2l +]~ Jo LN xJvie [ 2 [
huK = x - ] > u x v ° > ANy ‘ AN :u_ll_..»LlL
x S B s S 424 o - o1
/vM = ~ - x - o N B
~ % - ™ g x L. ) N
X 3 N : 7 < x "~ 5 - 02
ﬁ RN ~ ﬁx - ~ » [ oc
x ~ N -~ [
Vp N x . X l L [ i
{ x ~ ﬂ ‘/ﬂ ~ ”D of ov m
~ ~ - w [
M L N N 7: | ~ 05 @ ¢
l ~ Xl .(/. Y - H ™
> ~ o
3 S 1 KK - [ g
ﬂ N l.( M M l\( o QF ﬂ
~ b E ]
rﬂ. ~ ~ -
3 < ~ N i 08 w
3 .% = ~ .u . w
\ U ] ~ < 06 o
: ; g S| o° 3
?Y I-M o ”OO_ S
3 M - T
7 om B
~ - 02l »
3 - .
, - - Ol
, . - Ol
! ~ -
‘ ~ - 0S| .
~ 3
- L 091

< W L )ttt ettt g i B st et bl

S s i L 4

o T o B Sl Wl e o st




PITIT  EIR  T T I Tl AU T Y

i S L AT T ORI N TR TN A T T R A

‘sspow Aejdsip pue syj3us| Jaqwnu AQ ‘3wl 3Insodxa "38SW-00QT 40 S10443 O SadA} o uonedisseid ‘gl ‘34 !
E
EREITR T _xx_ oNIaaY [9 NoILnLILSENS Po2)
ais 23] NOISHIAN! |+ ontina [Z7] o3s {J ws [
3WIL dX3 '03S W 000! !
[ $190 8 $190 9 _ $190 b
S == ~ g e ~ < NS ~ —— O
R B PR R S T |
N KN x ~ » > ~ X + ~ X L o1
vn/ I” vvaa h( N % XX + ™~
Rl ﬁl. x ~ “x W [~ x ot St -
xvm b x ~ x /z x it ﬂON
B S Sl R N - oc
X /\J x ~ ﬁ% 1.( ﬁ q
xl )M x .¢). /-I ad o Vo)
J x - ~ - Ot = (a2
x N x ~ - m
e - | - < L 05 ®
; By .u x ~ ) i _M
i3 ] = X N < oo ;
% r.mx m LX) - 13, m:v
! o - ~ .ﬁ m
> - ~ 3] ﬁ.o.\. 3
:JWA M E ~ r.J - 08 w
3 mx - ~ - i M
d By H - - 06 @
w,. M “ -~ - b o]
) 4 ~
] = o Ny - 00l 5
i - [ on 3
! W.. - Ol D
Y | s
: - 02t &
, - osl
- ovl
. L ot

o o S S e ATl el i b SR, gl b Ll e e

o, Sl oy 80 e g A S B




e = ST .
D ST P R E R AN S e

et A B s s S

8
]
H
3
k3
=

i

There seems to be only one reasonable explanatior; for this effect: the exnosure times (12.5,

: 60.3, and 125 msec. per digit) were simply too short, so Ss were unable to transfer accurately
about half the time.

.

ol P it dadn

Interectingly, the number of cutting errors almost equalled the multiple errors. This seems
to show that Ss were able, about half of the time, to follow the strategy of concentrating on the
first four characters in longer numbers. Under these difficult conditicns, their behavior on the
other half of the trials must have been more or less unorganized, relying on guessing or applying
sequences from earlier messages. Multiple errors may then be attributed to this breakdown of an
organized approach—inability to maintain an organized strategy.

TR TR T

Next in frequency were the skipping (SKP) and substitution (SUB) errors. Under both
modes, and almost independent of exposure times, these two types of errors ozcur relatively
often with four-digit numbers. These errors appear to be related, and both types seem to indicate
that the Ss are still attempting to maintain their transfer strategy. Despite their errors, the Ss
were relatively successful in coping with short numbers, Although their performance tends to be
stable, the test conditions apparently imposed strong-enough stress to confuse their strategy,
producing comparable nutbers ¢ skipping and substitution errors,

-
3

Inversion-type errors are much less frequent than skips and substitutions, but all three types
of errors characterize Ss who are fighting to transfer numbers effectively under adverse
conditions.

Since inversions are the only errors that test whether gigits are keyed in the correct order,
inversions typify performance that is relatively well organized, yet not perfectly correct. The
relative rarity of inversions in the present experiment may be interpreted in two conflicting ways.
Few inversions may mean that urder is considerably more resistant to disruption than content
is. On the other hand, the small number of scorable inversions may simp#y arise because incorrect
content makes it impossible to detect and label inversions.

ML L b

There were very few adding errors (ADD). Nevertheless, a few idding errors did occur with
short numbers in both display modes. Sir ce these errors represent a cortain amount ¢f confusion
in transferring even comparatively short, :asy messages, they may have arisen from incomnletely
organized response strategies.

Evaluation in Terms of Information Theory

The transfar process can be seen from still another viewpoint. Applying concepts from
information theory, the human operator may be considered as a communication channet. Thus
the transfer task involves two interfaces with this human communication channel: input, or the
mssommbn man sodn’ale mwa dlacla.iand an abiea -] memod m, a b o letale mmirms’s san abaa OFn i e ——man s am oy
HUNIHICID YVHIILIE OIT ul:playcu ad» tnyun, any WVHILPJUL, VWHITLIE LUTDUILLIED it O & !\!.'-"’Hls ICD!IUNDLQ.
If information is lost at either interface, the output will be in error. The two terminals of the
transfer operation are the information source, which is the display, and tha destination, which is
the keyboard.

in this case, increasing the number length corresponds to increasing the amount of
information which must be transferred. As input information increases, the individual would be
expected to try to cope with the increase. But constantly increasing inputs would soon reach a
limit, beyond which further increments woud cause the Ss to make more and more errors. There
would be a discrepancy between the input to the human receiver and the output from the
receiver, and this discrepancy would grow larger and larger, Ir terms of information theory, this
imit is analogous to the channe! capacity of the human communication system.

36
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Changing the time for which information was exposed at the source would probably
produce a similar effect.

We may now define the relation betweeri amour.t of information presented and length of
presentation as the input rate. The input rate, then, depands on how much information s
presented, and for how long. The human communication channel does not have infinite capacity;
its maximum input rate is clearly limited in any reai situation {Table 10). Presenting input

information at faster rates than the channei can process means information will be lost and the
output will contain errors.

TABLE 10

Qualitative Output: Average Number of Correct Digits

__ Simulgneous _ . Scawential
' Exposure Time . .4.-digit 6-digit  8-digit 4-digit . '".‘G-fjigit 8-digit
1000-msec. 3.8 4.6 4.3 3.6 3.5 2.5
500-msec. 3.8 4.3 3.9 3.0 2.7 2.1
100-msec. 3.0 29 24 1.7 2.4 2.0

To clarify this discussion, consider the experirnental task in informational terms. Since only
th2 ten numerais were displayed, and each was equally likety to appear, mformation theory
demonstrates that each digit represented 3.3 bits of information. Numbers of the same length
always contain the same amount of information. With simultaneous display, the Ss were abie to
transfer an average of 13.2 bits, virtually regardless of how much input information there was
{Figure 14}, One might then generaiize that, when neople transfer purely numerical information,
their channel capacity lies around 13 bits, This, however, was true oniy with sufficient long

exnosure times, When the experiment attempted to transfer information at higher input rates, the
Ss actually transferred an average of 9.9 bits or less (Figure 15),

Althcugh we know that ibe simuitaneous anu seauentizl modes gave considersbly different
outputs, both modes presented the same amount of input informaticn, as defined in strictlv
informational terms, The difierence evidently lies in what G. A. Miller’s (1956} almast classical
paper calls “chunks)” Miller describes 2 receding nrocess in which Ss organize or g ouj. ““the input
information into familiar units or chunks.” The immedtate memory then “toures these recoded
chunks of information which, according to Miller, may contain varying sumbers of bits per
chunk, Sequential presentation seemingly interferes with recoding by forcing 5s o treat each
digit as a separate chunk, thus drastically curtailing the number of bits per c.iunk, On the other
hand, simultzneous nresentation allows more onportunity for Ss to organize or recode

information. 1t uses chunks more efticiently by incorporating mere bite of information per
chunk, so it improves transfer performance,
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CONCLUSIONS

s
4

This experiment has verified previous invest.gators’ hypotheses thatinformation-transfer
performance depends mainly on the amount of information that must be transferred. It has also
extended e applicability of findings about short term memory—for example, Levy's ( 1971)
demonstration that storage rate depends on speed of presenting data- by showing that the speed
of data presentation has essentially sirailar effects on short-term memory and transfer tasks.

C Rt

Luor

T T, T

Two transfer responses were measured: reciting, in the pilot study, and keying, in the main
experiment. Comparisons of performance show that transfer ;s more effective when Ss merely
recite the numbers, Even untrained Ss could recite numbers much faster than keying them. Since
keying is slcwer, and thus requires Ss to store numbers fong.., 1t is not surprising that keying
performance is less accurate. Even the smallest delays in transferring numbers make subjects more
dependent on memory mechanisms wiich are strongly affected by time. Proionging responses,

even by seemingly trivial moments, can produce large and disproportionate degradation because
the storage process is SO sensitive to time,

S
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Under the prevailing test conditions, the simultuneous mode transferred information more

. :curately than the sequential mode. The mau. advar tage of the simultaneous mode seems to be
allowing Ss some control over redundancy. With simultaneous presentation, the S can use the
3 total exposure time to look at as many (or as few) digits as he wishes, in whatever order he
prefers, he can even re-read digiv . The Ss did not transfer numbers as accurately with sequential

presentation. Findings in the literature indicate that less-trained Ss key symbols indwidually.,
rather than grouping them-and data from the pilot study revealed that Ss speak numbers as
single digits- yet presenting characters seauentially 1s clearly not advantageous. it would appear
that these choices to deal with single symbcls are a constraint that Ss place on therr output, but
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which is not consistent with ror favorable for--their input and storage processes. b

The simultaneous mode leaves more latitude for the Ss to adopt individualized strategies.

Thus, the S 1s free to develop more skilled transfer strategies, rather than keing impeded by the ]

3 externally imposed requirements of a presentation mode. g
i

Within these stratagies, ““chunk building” seems to play an important role. To use “heir
5 individual capacities better, Ss tend te divide messages into practica! psychological units called ;
“chunks.” These units probsbly vary 11t size, depending on the individual’s capacity and level of 4
training, as well as personal factors like the cnes seen In the pilot study, where Ss grouped digits _
auite individualistically when reciting them. These considerations indicate that, whenever an :
operator acquires informa..or, he must “process’ it, even if only by grouping digits. 1t is cuite
E possible that this processing overlapped other activities under the test conditions, thus allowing

PR

Ss to take better advantage of redundancy in the sitnultanecus mode.

As compared 1o results of earlier studies, this experiment grees that the short-term memory
for non-redundant numbers can accommodate between three and four digits. Such a finding 1s
also very plausible theoretically, and particularly in mstanczs where the three or four digits given :
correctly are the first digits of 2 longer number, '
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Various findings in the literature suggest that the first digits of longer numbers are usually
] stronger in memory than later ones. Since it takes time to key numbers, there is alo a differential
delay; the Ss must key the first digits, which are easier to retrieve anyway, before they can begin
keying later digits. Both factors—weaker initial memory trace and differential delay- would make
it more difficult to transfer the final digits of longer numbers. Indeed, Conrad and Hull (1968)
have demonstrated that errors in recalling seven-digit numbers mostly afflict the last four digits.

The results of this experiment suggest that there are two main sources of errors in transfer
tasks:

1. Inadequate perceptual or storage capability.

2. Incidental factors which delay the response and prolong storage requirements.

Conrad (1966) describes this second error source as insufficient stimulus-response
compatibility. It lengthens response times, as well as increasing errors, in the present experiment,
time and errors were intimately related, so both would probably have been affected.
Incompatible stimuli and responses can only increase the storage time that will be required, thus
complicating what would have been a simple transfer task by requiring memory. Inevitably,
performance deteriorates. Quite a variety of experiments agree that slowing the report rate
degrades performance considerably. Difficulties in making responses can also distract the S, by
farcing the S to divert part of his attention to an essentially unrelated, secondary task,
incompatible responses reduce the resources available for transterring numbers. Previous research
has established that recall is highly sensitive tc interference from secondary tasks. Even 1f the

perception itself were not effected, interference and other "‘noise’’ can obviously disturb the S's
rehearsal.

T T TR
T T TR

Lk

Ll ) B

There is little reason to suspect that Ss operated the wrong keys umintentionally, there were
probably only occasional errors due to poor aiming. The strongest indication here 1s that the Ss’
errors appear unrelated to effector processes. The errors seem to arise ivom perception and
storage processes, as the classification of errors by categories has shown. The present experiment
did not provide any kind of feedback nor any way for Ss to correct responses. Both of these
features should be considered when designing actual equipment, since 1 is known that
incorporating them usually improves performance.

ATl

Under the conditions of this test, it seems perfectly clear that the subjects performed batter
with simultaneous displays than with sequential ones. Still, certain findings suggest that the
sequential mode might have advantages under different conditions, More specifically, future
experiments should investigate whether sequential displays with different exposure times and
grouping numbers according to severai chunking methods would give better transfer.

T AR TR

Short-term memory experiments have found that simultaneous auditory and visual
presentations can imorove performance. This finding may wuli be true for transfer tasks as well,
and future research should investigate whether audio displays or combination audiov.deo
displays wruld give better transfer.

Since short term memory tends to become involved in transfer, particularly with longer
numbers, another way to erthance transfer is reducing demands on storage. For example, Levy et
al. (1971) reported that the human memory stores numerals rmore effect:vely than letters. While
this effect may arise from different vocabulary sizes- that 1s, fewer numr vers than letters- future
transfer experiments should determine whether a mixed alpharwumeric vocabulary would give
faster or more accurate transfer,
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